Though numerous studies on the oxygen carriers of the blood have been made during half a century it is a remarkable fact that as yet we definitely know the nature and extent of sex differences in hemoglobin and erythrocytes in only two species-man and fowl-and that the nature and extent of seasonal variations in these oxygen carriers are definitely known in no species whatsoever.
Though numerous studies on the oxygen carriers of the blood have been made during half a century it is a remarkable fact that as yet we definitely know the nature and extent of sex differences in hemoglobin and erythrocytes in only two species-man and fowl-and that the nature and extent of seasonal variations in these oxygen carriers are definitely known in no species whatsoever.
The present study attempts to supply these two kinds of information for two species of birds upon which other concurrent related studies make it specially desirable to know the influence of the sex and seasonal factors. The related studies, upon which variations in the Oxygen carriers may be expected to have a bearing, are concerned with seasonal changes in the thyroid glands, basal metabolism, and with the r8le of light (ultra violet particularly) in seasonal changes in the respiratory metabolism.
It is again remarkable that despite many excellent studies on these subjects we do not definitely know the effect of season on the basal heat production of man or of animals, and that the effect of light upon either the metabolism or the oxygen carriers still remains in some doubt.
Individual hemoglobin (oxygen capacity) measurements involve a slight error and single erythrocyte counts involve a much larger error which must be overcome by relatively large numbers of closely checked determinations. The fact that diet influences the level of the oxygen carriers and that in most animals and man the diet is not uniform throughout the year makes the measurement of changes due solely to the astronomical progression of the seasons a most difficult task in the case of most organisms. The doves and pigeons used in this study, however, feed upon the same diet of dry mixed grain at all seasons of the year; at least they are provided with an identical grain-mixture at all seasons, and we have failed to note the selection or rejection of any particular grain at any season. Race or strain within a species may provide a further and fairly disastrous source of variability of the oxygen carriers if measurements are not made on genetically known material.
All of the races used in the present study were long inbred (hybrids were less inbred) and most of the strains used were "endocrine races" established under selection in this colony. During maturity these birds were confined in pairs to two-cubic-meter cages; glass walls excluded ultra violet light from November to May, and some heat was supplied during most of this same period. Only healthy adult birds-6 to 30 months old-are primarily concerned in this study and full records of reproduction, together with autopsies done immediately on all bird8 used 3112  3176  3250  3012  2937   3096   2937  3074  2812  3024  3026  3072  3105  2924  3031  2967  2902   2989 in hemoglobin measurements, assured the separation of all birds with frank disease from the birds considered here.
With these advantage8 in this material we believe that the nature and value of the sex factor has been rather definitely determined in both doves and pigeons, and that conclusive data concerning the extent of seasonal changes of hemoglobin and erythrocytes have here been obtained. Some light is thrown on still other related topics. Only the results of several OSCAR  RIDDLE  AND  PELA  FAY  BRAUCHER concurrent studies can supply a basis for conclusions concerning a correlation of seasonal changes in oxygen carriers with changes in thyroids, respiratory metabolism and seasonal irradiation.
METHODS.
Hemoglobin was calculated from oxygen capacity as this was determined by the method and apparatus of Van Slyke and Neill (1) . Two to 5 cc. of carotid blood from the decapitated bird (with esophagus held aside uncut) were collected in a small beaker containing 2 to 4 mgm. of heparin; 1 cc. of the aerated sample was used in measurement.
Nonfasted birds were killed between 1l:OO a.m. and 4:00 p.m. during nearly every week of the year for a two-year period.
Erythrocyte counts were made in a Levy-Hausser counting chamber having a glass slide with two sets of Neubauer rulings, and using red cell pipettes of the Thoma type standardized by the U. S. Bureau of Standards. For staining the erythrocytes we used Forkner's (2) modification of Blain's (3) technique.
Though these red cells may show marked variation in size we consider them readily identi6able.
With this staining method we, like Kennedy and Climenko (4), fail to find the thrombocytes which Fritsch (5) and others report in very small numbers from pigeon's blood. The drop or two of peripheral blood was obtained by puncture of the radial vein with a surgeon's needle after brushing aside a feather or two from the proximal end of the radius of the right wing, moistening and cleaning the bared skin with 25 per cent alcohol, and drying with cotton. This sample for cell counts was usually taken about 30 minutes before the bird was decapitated to obtain blood for the hemoglobin measurement. Duplicate counts, done in accord with Stitt (6) , were made on nearly twice as many birds as were used for hemoglobin study.
RESULTS. The sex factor. An abstract has previously stated (7,8) the clear influence of the sex and seasonal factors in these birds. The data ( 14 .34 grams per 100 cc. of blood. Though the observed seasonal differences are not large they are notably consistent in the two species studied. Lowest values are found in summer and highest in winter in both species. In pigeons the winter 14.84 value is 3.2 per cent, the autumn value 1.4 per cent, in excess of the summer value. In ring doves-a species not adjusted to cold climatesthese percentages are 6.0 and 3.7 in excess of the summer value. Hemoglobin concentration in spring exceeds that of summer by 0.9 per cent in pigeons and by 3.5 in doves. The differences between suxnmer and autumn are perhaps of special interest because during these two seasons these birds were exposed to ultra violet light; during winter and two-thirds of spring ultra violet was excluded by walls of ordinary glass.
It is here notable that the species (pigeon) which is native to cold climates has a mean annual hemoglobin concentration 7.8 per cent higher than the species (dove) which is native to a milder climate; also that the hemoglobin of the species which is "naturally adapted" to cold undergoes less pronounced change of concentration during cold weather than does that of the dove which naturally avoids low temperature.
If season influences erythrocyte number similarly in the two sexes-and (table 3) we thus obtain erythrocyte counts of 3,166,500 (winter), 3,200,500 (spring), 2,991,500 (summer) and 3,289,500 (autumn); for ring doves these counts are 3,052,000, 3,013,000, 2,867,500 and 3,135,500. Seasonal differences of quite similar nature are found in the two species and indeed in both sexes of each species. In all of these larger subdivisions of the data the autumn counts are highest and the summer counts lowest. During autumn these birds were exposed to air of greatest cooling power (as well as to ultra violet light).
In pigeons the autumn cell counts are 10.0 per cent, and those of winter 5.8 per cent in excess of the summer counts; in dove-the cold-avoiding species-these seasons show 9.4 per The mean annual erythrocyte count of the cold-adapted species (pigeon) is 4.7 per cent in excess of that of its relative (with which it is partly fertile in crosses) from milder climates; but the percentage increase of red cells, as a response to the autumn and winter conditions to which they were subjected, was approximately the same in the two species.
The race factor. That the blood of one of the two species studied (Co& umba domestica) has a consistently higher level of hemoglobin and erythrocytes than the blood of the other species (Streptopelia risoria) has already been noted. Though our measurements of particular races involve few determinations with high probable errors we should cite evidence that certain races or strains within each of these species are characterized by especially high or low levels of hemoglobin and red cells. We do here End evidence that racial genetic difference extends to the oxygen carriers of the blood.
The most marked racial variant encountered among the pigeons was otherwise characterized by hereditary ataxia. It is thus excluded from the "normal" races considered in this paper. The study of this race has been continued and will be reported elsewhere (Riddle and Bates). In table 1 it will be observed that Race 67 showed, in both sexes, the highest concentration of hemoglobin. Our fully tabulated data-giving data for each race (both sexes) at all of the four seasons-would require more space than journals would grant, but we may note that such data show that at all of the four seasons, and in both sexes, the values found for this race exceeded the values found for any other race. Likewise the complete data (and the arithmetic means given in table 1) supply almost equally uniform evidence that Race 67 also has the highest cell count of the several races examined. Probably the lowest hemoglobin values characterize the "miscellaneous" group which includes such very large races as the Runts and White Kings and various hybrids of these large races; this same group also had the lowest erythrocyte count of the races studied.
Among the ring doves Race N2-both males and females-has blood of highest mean annual hemoglobin content, though its blood count scarcely differs from the means found for the several races. Race N2 was selectively established in our colony (9), with relatively and absolutely longer intestines than any other race within the colony. Lowest hemoglobin values are perhaps associated with Race B-which has the largest (hypofunctional) thyroids of the several races of our colony. Race 51 is rather plainly indicated as having the lowest erythrocyte count; its hemoglobin value is apparently nearly or quite normal. The normal individuals of this race carry a recessive genetic factor for myoclonus and are further characterized by an aberrant body temperature.
These results on the race factor, even in the unfinished state of our studies on these races, provide a few significant associations of endocrine and constitutional factors with high or low level of oxygen carriers in healthy individuals.
They also convincingly show that genetically known animals should be used in such studies as involve the measurement of sex or seasonal factors on the oxygen carriers of the blood. Otherwise the use at various seasons of genetically dissimilar animals, or of the same mixed group in unequal proportions at different seasons, could unwittingly obscure true seasonal variations and even suggest spurious ones.
The age fit&r. From the above tabulations data for age are omitted, though the age of every animal used was exactly known and recorded. The following data, obtained especially to test the influence of the age factor, seem to show that among birds aged 6 to 30 months age is not a significant factor, since values then obtained are but slightly less than those obtained in immature birds aged 2.5 scribed here we found 16 doves and 14 pigeons aged 12 to 23 months which had never produced an egg, but which at autopsy proved to have ovaries. All of these birds were apparently healthy and if normally feminine should have produced eggs when aged 4 to 10 months. The distinctively feminine function of egg-production was either temporarily or permanently suppressed in these 30 birds. Since hemoglobin and erythrocytes were measured also in brothers and sisters (or at least in birds of the same inbred . race) of these "unfeminine" females we here have opportunity to learn whether and in what respects the oxygen carriers were abnormal in these delinquent birds. Data for comparison are given in table 4.
Considered as a group the 16 "retarded" female doves had 10.6 per cent more hemoglobin and 5.7 per cent more red cells than their normally feminine sisters, and these values were even 5.9 and 0.8 per cent higher than corresponding values in their brothers. There was but one bird of this group with !ow oxygen carrier values; and these values were so extraordinarily low (hemoglobin 10.03; cells, 2,096,OOO) as to provide our only evi- It is notable that the inclusion of data from such "unfeminine" females with data for typicalnormal females (as is done in our tables l-3) serves somewhat to minimize the real differences between males and true females. There is reason to believe that similar departures from normal sexuality exist among the females of most or all other animal types.
Surely in these two groups of cases there was suppression of egg-production associated with oxygen carriers at or above the male level. To whatever extent the oxygen carriers here reflect the relative oxygen demands of the tissues the somatic tissues of these two groups of "retarded" females are indicated as having oxidation rates more like those of their brothers than of their sisters. These measurements, like many othersmade by the senior author on "masculinized" females during the past 20 years, again accentuate the quantitative nature of sexuality. We consider these "females" as true intersexes, and though it is not known whether this intersexuality was of genetic or environmental origin that point is unimportant here.
Usual effect of disease. Autopsy revealed disease in 61 of the 903 sup posedly healthy doves and pigeons taken for hemoglobin measurement. Analysis of the data from the diseased birds shows that all distinctions of age and race-even of species difference-here disappear. Probably seasonal differences also disappeared, though summer and autumn show lowest values for both hemoglobin and cells. Mean values for all males (species separated and assigned seasonal value) are 12.65 grams hemoglobin and 2,708,200 cells; for females, 12.42 and 2,863,200. All of these mean values are lower than those normal for any race included in this study. Though not every individual showed reduction of the oxygen carriers this was the obvious rule, and there can be no doubt that failure to identify and eliminate diseased doves and pigeons by autopsy would lead to average values lower than those truly characteristic of healthy individuals.
E;Bects of special conditions, partibularly of thymobursectomy and cbsecaging. Table 5 supplies data on these points. The removal of both the thymus and the bursa Fabricius (thymobursectomy) at the early age of two months, with measurements made 7 to 16 months later, led to an apparent increase in the cell count in all of 7 tests (average 16 per cent). The hernoglobin-at least the oxygen-carrying hemoglobin-was probably not increased. The increased cell count, however, is similar to that found by Toryu (10) in a carrier pigeon 7 weeks after splenectomy.
In that study, as others had found after splenectomy of certain mammals, 1 * Each "control" value was obtained from a group of adult birds of the same race and sex and at the same season.
*+ An unsuccessful attempt by 0. Riddle and Dr. R. W. Bates to duplicate the preceding results by thymectomy alone in adults.
longed period leads to an increased red cell count as splenectomy has been reported to do in the pigeon (Toryu) and as others had earlier found in mammals. More recently Riddle and Bates sought results from pigeons on which simple thymectomy was performed in the adult stage (when the bursa normally should have atrophied).
Only 3 birds were alive when measurements were made 13 months later, but clearly no effects were obtamed with this modification of the earlier procedure. This subject deserves further study.
Various laboratories provide unequal space for pigeons with which they chance to work. We wished to know whether confinement of pairs of birds during one month to one cubic foot of space-instead of the usual 70 cubic feet-would affect the quantity of oxygen carriers. This degree of confinement lowers the blood sugar (11) and decreases the basal metabolism (12) . The evidence here obtained indicates no consistent change in cell count due to close-caging in pigeons, but a regular (all of 9 tests) increase of the count in doves (average, 15 per cent). Four tests for effects on hernoglobin in doves all suggest a small increase (5 per cent). Curiously in line with this unexpected effect of close-caging in doves, however, are cases of a pigeon which throughout life had been unable to fly, of a dove with complicated myoclonus, and of a dove whose cross-beak made eating so dcult as to make under-nutrition presumable.
In all three cases extraordinarily high cell counts were obtained.
In doves subjected to closecaging it is found that the erythrocytes may increase coincident with a decrease in blood sugar and basal metabolism.
LITERATURE
AND COMMENT.
Hemoglobin measurements and cell counts on pigeons seem to have been done only by Barlow and Whitehead (13) and by Toryu (10) . . The American workers were only incidentally concerned with the oxygen carrier values obtained on 68 normal pigeons; the sexes were not separately reported and averages were given for neither cell count (range, 3,780,OOO to 4,530,OOO) nor hemoglobin. The Japanese study was concerned with effects of splenectomy in a very few pigeons. Most earlier erythrocyte counts are almost negligible.
De Eds (14) reported 25 counts made on heart blood (3,300,OOO) and 26 on blood from the leg vein (3,350,000), and noted a high variability which is confirmed by all later work including our own; the sex was not stated. We consider sex, season, race, disease, diet, excitability, exercise, condition of caging (space and light) and different staining techniques as making for high variability, and some of these factors as responsible also for the very high average values (3,800,OOO cells) found in the fragmentary earlier work. Our mated birds had little fear of us, and could be caught with little flight and fright.
A probable slight dilution of the blood in autumn and winter, incident to bringing the animals into (higher) laboratory temperatures, could not be avoided. Stage of the reproductive cycle seems to make no difference in the cell count of these two species (260 tests), but practically all of the data reported here were obtained at "resting" and "ovulation" stages of the cycle. (16) have shown that in the fowl both hemoglobin and erythrocytes exist in greater quantity in male blood; several recent studies have confirmed this sex difference in the cell count. Otherwise so far as we are aware, it is only in man that the available data satisfactorily fix the sex status of relative hemoglobin concentration and erythrocyte number.
For many species the data at hand suggest higher values in males (Scarborough, 17); convincing data for several species are highly desirable.
Effects of race or breed on the oxygen carriers has been several times reported in animals. After the present study was started Bobroff and Brener (18) published data for man indicating the existence of "constitutional" types in which the average (2217 boys, 175 girls) hemoglobin values differ. Our study, based in part on races in which certain hereditary endocrine differences are known, confirms and extends those results. Certain genetic differences which are here found to accompany different levels of the oxygen carriers are concerned with size and functional level of certain organs already reported (19, 20) , and with basal metabolic rates still under study.
A seasonal variation of erythrocyte number in cattle (21) , with higher winter and lower summer values, and a similar variation in the hemoglobin of the guinea pig (22) have been reported.
A group of New York children aged 21 to 44 months, measured from November to May, showed lowest hemoglobin values in February (23) . Seasonal effects, and specific effects of total light and of ultra violet light, have been frequently reported for man; the results, however, are contradictory or indecisive-and this in the species most capable of making its own intimate climate so far as temperature is concerned. While light is rightly regarded as probably the most important seasonal or climatic factor for man, temperature may prove to be of equal or greater importance to many higher animals. In a wellplanned study Nylin (24) concurrently studied the effects of season and light on the growth, basal metabolism and hemoglobin of children. The oxygen capacity showed periodicity, with a winter minimum and a summer maximum, while high and low points in the standard metabolism preceded those for oxygen capacity by several months.
Of the concurrent studies made on the material presented here only one item-seasonal changes in the basal metabolism of tippler pigeons-has yet been published (25) . It was there found (for race T of table 1) that the metabolism (at 20°C.) is highest in autumn-when erythrocytes are at a maximum, and just previous to the maximum of hemoglobin; and lowest in spring or winter (period of no exposure to ultra violet light) when neither their hemoglobin nor their erythrocytes are apparently most diminished. Obviously the basal metabolism of other races, and results of still other current studies on all our dove and pigeon races, should reveal the extent By the oxygen capacity method a total of 931 hemoglobin measurements was made throughout the year on suitably inbred races of the pigeon and the ring dove-two species on which 1583 erythrocyte counts were simultaneously made.
The blood of healthy adult males of both species was found to have a higher concentration of hemoglobin at all seasons than that of females. Mean values were 15.97 grams in males and 14.72 grams in females (pigeons) ; and 14.56 grams in males and 13.97 grams in females (doves).
The blood of healthy adult males of both species was similarly found to have a higher erythrocyte count at all seasons than that of females. Mean values were 3228,000 in males and 3,096,OOO in females (pigeons); and 3,045,OOO in males and 2,989,OOO in females (doves).
These birds were deprived of ultra violet light from November to May and were then provided with some heat. Hemoglobin values were highest in winter-when the birds were exposed neither to air of greatest cooling power (autumn) nor to ultra violet light. Lowest values were found in summer--when in air of least cooling power and well exposed to ultra violet rays. In pigeons the winter value exceeds that of summer by 3.2 per cent; in doves, by 5.2 per cent. Autumn values exceed those of summer.
Highest erythrocyte cou&~ were found in autumn, lowest in summer. In pigeons the autumn excess is 10 per cent; in doves, 9.4 per cent. Thus both hemoglobin and cells are reduced-though unequally-to their lowest value at the hot season.
Within each of the two species studied certain races appear to have abnormally high or low levels of oxygen carriers of the blood in association with endocrine differences already known to characterize these races. We 6nd little or no evidence that a race with high or low hemoglobin necessarily has a correspondingly high or low cell count.
Two groups (30 individuals) of females, which we regard as intersexes, attained advanced age with persistently inactive ovaries and were then found to resemble their brothers more than their sisters in hemoglobin concentration and cell count.
Seven tests indicate that the extirpation of the thymusand bursa Fabricius from very young pigeons leads, after several months, to a cell count 16 per cent higher than normal-a result which others have observed following splenectomy in birds and mammals.
Hemoglobin and erythrocytes are only slightly higher in adolescent birds 
